Proximal junctional failure (PJF) is the greatest challenge after posterior lumbar interbody fusion (PLIF). The aim of this study was to evaluate the effectiveness of percutaneous cement injection (PCI) for PJF after PLIF patients requiring surgical revision.
Introduction
Posterior lumbar interbody fusion (PLIF) using pedicle screws in thoracolumbar spinal fusion surgery is often performed in cases of lumbar spondylolisthesis, spinal instability, and laminectomy for degenerative disc disease that is intractable to conservative treatment. [1] experience severe pain, neurologic deficits, and ambulatory difficulties. [4] [5] [6] PJF is considered one of the most common reasons for revision surgery. Importantly, revision surgery for PJF after PLIF may cause perioperative complications and impose an economic burden. Theologis et al reported that revision operations for PJF after long thoracolumbar fusions are associated with an average direct cost of 55,547 USD per case. [7] Hart et al estimated an average cost of 77,432 USD for revision surgery after PJF. [8] Considering the severity of the complications, several methods have been introduced for the prevention of PJF after PLIF. Preventive cement augmentation is a popular method to increase screw fixation strength. Aydogan et al reported that pedicle screw fixation, augmented by vertebroplasty in segments proximal and distal to the instrumented segments, could be a good alternative method for fixation and fusion, while also preventing proximal and distal junctional fractures. [9] Kebaish et al reported that prophylactic percutaneous vertebroplasty at the upper instrumented level and its supra-adjacent vertebra reduced the incidence of junctional fractures after long posterior spinal instrumentation in an axially loaded cadaveric model. [10] Recently, percutaneous vertebroplasty was used to enhance pullout resistance in pedicle screw-by-screw augmentation. [11, 12] However, there have been few reports exploring the use of percutaneous cement injection (PCI) to block the progression of vertebra collapse and to relieve symptoms of PJF after PLIF.
Based on previous reports, and considering the perioperative complications and economic burden associated with revision surgery, we believe that PCI in the fractured vertebra body and/or intervertebral disc could be therapeutic strategy alternative to revision surgery for PJF after PLIF. Therefore, the aim of our study was to evaluate the effectiveness of PCI for PJF in PLIF patients requiring surgical revision.
Methods

Patients
We retrospectively reviewed 7 cases in which surgical revision was required for PJF after PLIF, but PCI was performed instead of revision surgery, from October 2010 to August 2015. The causes of PLIF included degenerative spinal stenosis in 3 patients and spinal stenosis with degenerative spine scoliosis in 4 patients. We defined PJF as vertebral fracture of the upper instrumented vertebrae and/ or instrumented vertebrae, with compatible clinical symptoms such as mechanical low back pain with bony tenderness at the failure area and neurologic symptoms. Revision surgery was considered necessary in all cases because the patients complained of severe low back pain with bony tenderness at the failure area, which was not controlled conservatively with physiotherapy and pain medication. Patients received PCI at the collapsed vertebral body and supra-adjacent vertebra, with or without intervertebral disc intervention, instead of revision surgery after discussion with orthopedic surgeons and provision of patient consent. None of the patients took steroid medication during the study period. In this study, "discoplasty" and "vertebroplasty" were collectively referred to as "percutaneous cement injection".
Percutaneous cement injection
Each procedure was performed using biplane digital subtraction angiography (Allura Xper FD 20/10; Philips, Best, Netherlands). In the angiography room, all patients were positioned prone on the table, and were conscious under local anesthesia with 1% lidocaine. After anesthesia of the intervertebral disc with localized anesthetics under fluoroscopic control, a skin incision was made and a 13-gauge trocar needle (Osteo-site; Cook, Bloomington, IN, USA) was inserted into the disc space. Under lateral projection control, the needle was adjusted to the appropriate depth. After placement of the needle into the anterior middle portion of the intervertebral disc under fluoroscopic control, liquid and powder polymethylmethacrylate (DePuy International, Leeds, UK) were mixed and injected carefully under biplane fluoroscopic control. The flow of cement was monitored during the procedure to avoid leakage posteriorly into the spinal canal and laterally into the extraforaminal space. The volume of cement required during PCI was determined by the filling images and the degree of resistance to the cement injection. Injection of cement was stopped in the event of cement leakage into the epidural space. Prior to needle withdrawal, the material was allowed to fully cure to avoid dragging cement into the soft tissues.
In cases of cement injection into the vertebral body via an inserted screw, an 11-or 13-gauge trocar needle was inserted into the fractured portion of the vertebral body using a transpedicular (for lumbar) or parapedicular (for thoracic) approach, without touching the pedicle screws ( Fig. 1 ).
Evaluation of radiographic findings
In this study, 2 different radiographic parameters (wedging rate (%) of the fractured vertebral body and local kyphosis angle) were used, as in the previous study. The wedging rate (%) was measured by comparing the anterior and posterior distances of the fractured vertebral body. The local kyphosis angle was defined as the angle between 1 level above and 1 level below the fractured vertebra ( Fig. 2 ). [13] All radiographic measurements were performed by 1 specialist radiologist with experience of more than 10,000 PCI procedures. Radiological measurements were performed before and immediately after PCI, and were also repeated 18 months after the PCI.
Group classification
Patients who underwent revision surgery, because their pain was not reduced by PCI or recurred, were as assigned to the revision surgery group. Patients who did not undergo revision surgery after the PCI within 18 months were assigned the non-revision surgery group.
Statistical analyses
The Wilcoxon signed rank test with Bonferroni correction for multiple comparisons was performed to determine the anterior wedging rate and local kyphosis angle before, immediately after, and 18 months after PCI. Comparison between groups was performed using a Mann-Whitney U test for continuous variables and Fisher exact test for categorical variables. SPSS (version 23.0, IBM Corp., Chicago, IL, USA) was used for the statistical analysis and a P-value less than .05 was considered clinically significant.
This study protocol was approved by our Institutional Review Board. Informed consent was waived by the board due to retrospective study design. However, the patients that "Case 4"and"Case 7" gave written consent for their case details. There were no commercial conflicts of interest related to this study. 
Results
Seven patients received PCI (all women, aged 73.0 ± 3.6 years). Except for 1 patient, PJF occurred within 6 months after PLIF. PJF occurred in 1 case due to trauma. Four of 7 patients underwent anterior and posterior approaches upon initial PLIF ( Table 1 ). All patients were treated with PCI within 2 months of symptom onset. The amount of cement used in the procedure was 10.4 ± 1.5 ml (range, 8.0 to 12.0 ml). The injection site and Table 2 . Immediately after PCI, all patients showed pain reduction compared to before the procedure. Among 7 patients, 2 patients (cases 6 and 7) underwent revision surgery due to progression of vertebral body collapse and recurrence of intractable low back pain. Immediately after cement injection, the anterior wedging rate (%) improved significantly (P < .05). However, at the last followup, the anterior wedging rate (%) was not significantly different compared to pre-PCI. In addition, immediately after PCI, the local kyphosis angle was significantly different (P < .05). However, at the last follow-up, the local kyphosis angle was not significantly different compared to pre-PCI ( Table 3) .
The anterior wedging rates (%) and local kyphosis angle, at pre-PCI, immediate after PCI, and at final follow-up, were not significantly different between the non-revision surgery and revision surgery groups (P > .05) (Table 4 ). Age, time to failure, and injection volume were not significantly different between the 2 groups (P > .05) ( Table 5 ). There were no cases of extravasation or subsequent neural injury after PCI.
3.1. Representative case description 3.1.1. Case 4. A 70-year-old woman had undergone PLIF at the L3-S1 level in June 2009 for spinal stenosis and degenerative lumbar scoliosis. In September 2014, she visited the outpatient clinic in our hospital due to low back pain after a fall. Radiologic examination revealed a compression fracture of the L1 vertebra, and she underwent vertebroplasty at the L1 level. She subsequently underwent PLIF extension at the T12-L3 level on December 2014 for persistent back pain. In August 2015, X-ray Table 2 Cement injection sites and volumes of percutaneous cement injection. None Post L1-S1 T12-L1 Ant = anterior, F = female, Hx = history, Mo = month, PCI = percutaneous cement injection, PLIF = posterior lumbar interbody fusion, Post = posterior. Table 3 Radiological findings pre and after percutaneous cement injection. revealed T11 PJF with penetration of the T12 superior endplate by a superior pedicle screw (Fig. 3A) . PCI was performed at the level of the T11 vertebra body and the T11-T12 disc space to prevent collapse (Fig. 3B ). The last follow-up visit took place in March 2017 and the thoracolumbar collapse showed minimal progression with only mild low back pain (Fig. 3C ).
Pre
Case 7.
A 69-year-old woman underwent PLIF, at the L1-S1 level, and lumbar kyphoscoliosis in May 2015 for correction of spinal stenosis, instability of multiple segments of the lumbosacral spine, and degenerative kyphoscoliosis of the lumbar spine. In July 2015, she complained of buttock and low back pain. A T12, L1 vertebra compression fracture, and L1 screw pullout to the superior endplate were revealed on X-ray ( Fig. 4A ). She underwent PCI in the T12 and L1 vertebra bodies, and discoplasty at the T12-L1 level (Fig. 4B ). Progression of local kyphosis and T12, L1 vertebral body fractures was seen on X-ray at the last follow-up (Fig. 4C) . In February 2016, she underwent PLIF extension at the T3-L1 level because of severe back pain with neurogenic claudication.
Discussion
The current study introduces therapeutic PCI in PJF after PLIF in patients requiring revision surgery. Five of 7 patients who experienced PJF after PLIF did not receive revision surgery after PCI. There were only 2 cases in which revision surgery was performed after PCI. In the other 5 cases, the pain caused by the PJF was decreased, and further collapse of the vertebral body was prevented after PCI. Although revision surgery is the gold standard treatment for PJF, surgical treatment of elderly patients can be challenging due to the high risk of complications (as a result of patient comorbidities). In patients who are not suitable for surgery, minimally invasive procedures are more acceptable.
Our study suggests that PCI could be considered an alternative treatment option before revision surgery for PJF after PLIF. Several mechanisms for PJF have been proposed, including compression fracture and instrumentation failure at proximal structure. [9, 14] In previous studies, vertebroplasty was used to treat painful vertebral fractures, which helped stabilize the fractured vertebra and improved stability. [15, 16] In a study, osteoporotic patients requiring spine surgery, pedicle screw fixation with vertebroplasty augmentation and vertebroplasty in segments proximal and distal to the instrumented segments, showed no proximal and distal junctional segment fractures during 2 years of follow-up. [9] In addition, PCI was performed safely and effectively for loosening of spine arthrodesis after failed interbody fusion. [17] [18] [19] In previous study, 10 patients with loosened pedicle screw and instrumentation-associated vertebral fracture received percutaneous vertebroplasty, and has shown that the mean pain score improved significantly after PCI and only 2 patients needed revision open surgery. [18] In the present study, we found that PCI restored the vertebral body immediately after injection. This is consistent with previous results showing that vertebroplasty reduces the local kyphosis angle by 3.3°to 7.4°in cases of osteoporotic vertebral compression. [20, 21] In a line with previous reports, our results showed an 11.5°reduction in local kyphosis immediately after PCI. Improving stability by PCI in the segments of an instrumented body, the adjacent vertebra, and intervertebral disc is reasonable for treating PJF with proximal junctional fracture. The indications for revision surgery after PJF are, including severe localized pain ineffective to nonsurgical management, new neurologic deficit, or progressive symptomatic deformity. [6] But, the decision criteria for revision surgery or PCI after PLIF are not standardized. Hart et al reported the factors that influenced the decision to perform revision surgery after PJF, including traumatic etiology, severe proximal junctional kyphosis angle, and use of a combined posterior and anterior approach at initial surgery. [4] In our study, epidemiologic and clinical feature such as age, time to failure, level of failure, volume of injection, and radiological features, including changes in anterior wedging rate (%) and local kyphosis angle, were not significantly different between the non-revision and revision surgery groups. We could not identify the factors affecting the results of PCI after PJF because of our small sample size. To identify the factors that affect the prognosis of PCI in PJF, more cases must be reviewed.
Five patients showed good outcomes after PCI, but the remaining 2 cases (without traumatic etiology) showed poor outcomes and had to undergo revision surgery within 1 year after PCI. Revision surgery was inevitable because the failures occurred at the same level as the initial PJF and conservative management was not effective. Although radiological findings were not significantly improved at the final follow-up, in 5 of 7 cases the low back pain decreased without revision surgery. Filling in the vertebral body and/or disc with cement reduces spinal instability, which in turn decreases mechanical low back pain and prevents further vertebral collapse. Few studies have assessed long-term changes in radiologic finding or evaluated the extent to which the amount of height correction and degree of improvement are correlated. Further long-term follow-up studies are required because PCI does not completely prevent vertebral collapse.
A higher incidence of osteopenia and/or osteoporosis is a risk factor for PJF, due to fracture or failure of pedicle screws, for example. [9] Evaluation and management of osteoporosis and osteopenia are important to prevent PJF, which is of significant clinical importance, and bone mineral density studies should be a routine component of evaluations of patients considered candidates for PLIF. Appropriate measures to strengthen the bone matrix, including smoking cessation, increased dietary intake of calcium and vitamin D, physiotherapy, and the use of bisphosphonates, calcitonin, or estrogen agonists is required. [1, 9, 22, 23] However, when performing PJF revision surgery, there is insufficient time for the medical treatment used for osteoporosis to heal the fracture sites, since bone marrow density has a tendency to improve only after long-term medical treatment. PCI in instrumented segments and adjacent uninstrumented segments can be a good clinical approach to provide prompt spinal stability in cases of PJF with osteoporosis.
In our study, we determined the cement volume required based on filling images and the degree of resistance to the cement injection. Many studies have sought to determine the most appropriate cement volume in PCI, although the optimal volume remains unclear. Theoretically, a higher volume could facilitate mechanical restoration of the vertebra. Fu et al reported a positive dose-response relationship between cement volume and pain reduction. [24] Meanwhile, Kaufmann et al reported that for more caudal vertebral levels, the presence of an intravertebral cleft and severe vertebral compression were associated with the requirement for a larger amount of cement. [25] However, there was no significant association between the volume of cement injected and clinical outcomes, including post-procedure pain and medication use, between the 1-week and 2-year follow-up. [26] Thus, it seems that cement volume is not associated with an improvement in clinical symptoms. In our study, 10.4 ± 1.5 ml (range, 8.0 to 12.0 ml) of cement was used in the procedures and there was no association between injection volume and clinical outcomes. Further studies are required to determine the optimal PCI volume and methods to stabilize vertebrae in compressive vertebral fractures.
There are several complications after PCI. The most common complication is cement leakage, which occur on paravertebral soft tissue, into the intervertebral disk, spinal canal, and artery vein. [27] In case of PCI after PLIF, the instrumentation could interfere of visualization during cement injection. To reduce the risk of extravasation of cement, we performed multidirectional and multiple fluoroscopic images to proper visualization and injection of cement was stopped immediately in the event of cement reaches the posterior vertebral wall.
There were several limitations to this study. First, the follow-up period was only 18 months, which is a relatively short period in which to determine the long-term effects of PCI in PJF. The average follow-up period for PJF in other studies was 2 years; thus, the average follow-up in our study was relatively short. [6, 7] Second, all patients of our study were female. The major risk factors of PJF have been reported that older age (>55 years), osteoporosis, high body mass index, large abnormal preoperative sagittal parameters. [14] However, female has not been found to be important risk factor in the development of PJF after PLIF. [28, 29] In this regard, predominance of female might not to affect the results of our study. However, the small sample size and female predominance are limitations of our study. Moreover, due to the retrospective study design, tools, and questionnaires for quantifying low back pain, such as the Oswestry disability index, were not used. To validate the rationale and indications for PCI treatment in PJF after PLIF, large-scale, randomized, controlled studies with standardized evaluation parameters are required.
Conclusion
This study is clinically important because it describes a nonsurgical treatment for cases of PJF after PLIF requiring surgical revision. In our study, 5 of 7 patients who experienced PJF after PLIF did not require revision surgery after PCI. Considering that general anesthesia and open surgery are high-risk procedures for geriatric patients, our results suggest that non-surgical PCI could be a viable alternative treatment option for PJF.
